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MOJKer 6biTb HcnojibsoeaHo npw peMOHxe w 
pcKOHCTpyKUMH pcsepByapoB, kot;tob h cocyaoB 
BbicoKoro flaB-neHwa. (^:noco6 peMOHTa Mcra;!- 
jiHHCCKHx rpyfionpoBOAOB, HMeiomHx Aec^eKT- 
Hbie o6/iacTH, aaiuiiOMaeTCH b HajiojKeHHM Mycjyr. 
ripn CHH^CHHOM AaB-aeHMH b Tpy6onpoBOAe 
ocymecTBJiHiOT MexaHMMCCKyio oMwcTKy ot 

H30JI5mMOHHOrO nOKpblTMfl H p»aBMMHbI HOBCp- 

XHOCTM Tpy6bi, o6e3>KMpHBaHHe, HaHeccHHe 
npeo6pa30BaTeji5i p>KaBHHHbi pacnbijieHMCM, Ha- 
jio^ccHHe jiCHTbi nofl HaTfl^KeHMCM c nocjiCAy- 
lomeft (l)HKcauHeft Mycjyrhi na Tpy6onpoBOAe. 

npM 3TOM npOM3BOflflT HarpeB nOBCpXHOCTM 
Tpy6bl, BbipaBHMBaiOT nOBCpXHOCTb BblCOKO- 
npOHHOH MaCTMKOH. flpw pCMOHTC KO/lbUCBblX 

uiBOB njiu 6/iM3Koyie>KamMX aec|)eKTOB naKJia- 
AbiBaiOT rpH Mycjyrbi, Ka:>KAasi uimpkhom He 
MCHce 100 MM, BHa4ajie HaioiaAbiBaiOT 6oKOBbie 
My4)Tbi Ha paccTOflHMH He 6oyiee 5 mm c Ka>KAOM 
CTopoHM CBapHoro insa h/im 6;iH3KOJie5Kaimix 
Aec^eKTOB, npocTpancTBO Me«j<y 6oKOBbiMH 
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YCTaHOBJieHO, HTO CHICKeHHe KCWIbl^eBHX. ' 

HanpffxesHfl b Hecymefi Tpy6e 6yReT aaBHcexb 
OT OTHoarre/EbHoro yMemmeHra flanjieHHa b 

MOMCHT yCraHOBKH MycJyrU H OXHOCHTejIbHOft 

TOJimHHW CTCHKH My4)TM cjicAyiomHM o6pa30M: 
oIoq - Py/Po+(l-Py/Po)/(l-H5M/<5), (1) 

rfle o - KOJEfaucBHe Hanpa»eHHa pacTJCKCHMfl 

B CTCHKe Tpy6iii nofl ycraHOB/ieHHdii^SQ^^^ii^ 

npH pa6oueM AaBjieHHH Po; 
a© - Kcwn>i;eBHe nanpjiaceHHH papraaceHHst b 
CTCHKe Tpy6H 6e3 uy^rsu npn pa6oHeM 
AaBAeHHz Po; 

Py - aaBjierae b Tpy6onpoBOfle npw 
ycraHOBKe Myctrm; 

Po - paSoMce AaB;ieHiie b Tpy6onpoBOAe; 

6^ - TOOTDlHHa CTCHKH MycJXTH; 
(J - TOrapiHa CTCHKH Tpy6H. 

Ha cl)Hr. 2 rpa4)i«ecKH noKaaana aaBHCH- 
MOCTb (1) oTHOCHTCJibHoro CHHSceHHH Hanpa- 
xcHHoro cocTOSHHfl CTCHKH Tpy6onpoBOfla 
{oIoq) noM Myct)Toft or crencHH chh^chha 
AaBJiCHHsi npH ycraHOBKe My(|)TH (Py/Po) h or 

ee OTHOCHTCJIbHOft TOamKHH ifinld), 

KaK BKflHO H3 rpa<t)HKa, aona onrHMajibHoro 
cHH^eHHfl AaBjicHHS B cTCHKc Tpy6pnpoBOAa 
Py HaxoAHTca B AHanaaoHC 50-70% or Po. .Hpa 
3T0M MaKCHMajibHHfi ypoBCHb AaBJiCHHfl orpa- 
HH^CH B03M0»H0CTbK) paspwBa Tpy6onpoBOAa, 
HMciomero Ae(i)eKTbi, a MHHHMaJibHbift yposenb 

AaBACHHfl OrpaHHHCH yaiOBHSIMH npOH3BOAH- 

TCJibHOCTH (t.c. npH 6cwiee hhskom AaB^ieaiiH 
Mo^ex npoH3otoi ccraHOBKa 6ecnepe6ofeoro 
xpaHcnopra npoAyKTa). 

TexHH^ecKoa aaAa^eii H3o6peTeHHa sbjiz- 
CTca pa3pa6oTKa cnoco6a pcMonra Tpy6onpo- 
BOAa c noMon?bK) KOMnosHTiaix My4n', KOTopue 

BOCnpHHHMaJIH 6U KOJEbUCBbie H npOAOJIbHbie 

Hanpfl^ccHHfl Ha peMOHrnpyeMOM ynacTKe 
Tpy6onpoBOAa, a TaK^e npeAOTspamaJiH paa- 

BHTHC KOppOSHOHHblX npOUCCCOB B SOHC 
pCMOHTa. 

noAacMHbili AefiCTByromaa Tpy6onpoBOA 
npeAcraBJiaer cb6ofi "6ecK0HeHHyK)" i^hahhaph- 
HCCKyK) o6ojio^y, "paBHOMcpHo" 3ameMAeH- 
Hyw rpyHTOM h Harpy^cHHyK) BHyrpeHHHM 
AaBJieHHCM ((t)Hr, !)• 

IIpoAOJibHHe HanpaxcHHa an b Mcrajuie 
TaKoft 060J10HKH (b noASCMHOM Tpy66npoBOAe) 
B o6meM oiyMae cocxaBAHKyr - 0,28 
(K03<t)4)HUHeHT riyaccoHa am ynpyrofi odraacTH 
Aecl)opMHpoBaHHa) or KO^uesMx HanpsraccHHft 

YHHTUBaa, HTO Ha OTHeftHHX ynacncax 
Tpy6onpoBOAa KOAb^eBbIe HanpaatCHHH cocraB- 
AflMT npH6AH3HTejn>HO 0,72 or HopMaxHBHoro 
npcACAa TCKyHecTH aT(HopM), npoAOJibHoe na- 
npa^cHHC an b o6meM oiyMae MoacHO 
npcAcraBHTb: 
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an- 0.28 0,72aT(HopM)» 0,28aT(HopM). 

fljia Tpy6 6o;ibnioro AHaMCTpa H3 crajm 
KJiacca npoTOOCTH K60 aT(HopM)^ 461 Mlla 
HOT API (X70) aT(HopM)^ 482 MHa npoAOJib- 
Hue BanpscKCHHs b o6mcM cnyMae cocraBflr: 

an- 0,2- (461-482) « 100 MHa « 10 

ktc/mm^. 

npcAJio^eHHbift noAXOA nosBOJiaer ycrpa- 
HHTb npoAOJDbHbie Hanpfl»eHHfl, aaBHcamne or 

MHOniX 4)aXTOpOB H HSMCHiHOIICHeca BO 
BpCMCHH npH SKCnJiyaTaUHH, B MaCTHOCTH OT 

pasHHObi TCMnepaTyp 3KCimyaTai;HH h tek 
HasHBacMoft "xcMnepaTypbi 3aMHKaHHa npn 

CTpOHTCAbCTBC", a TaK^CC OT paSAHMHHX 

H3rH6aiomHX narpyaoK, npn stom peMOHTHaa 

My(t>Ta 6yAeT BOCnpHKHMaXb HC TOJIbKO KOJIb- 

UCBbte, HO H npoAOJibHue Hanpa:KeKHfl, 
B03HHKaK)npie Ha pcMOHTHpycMOM ynacTKe 
Tpy6onpoBOAa. 

XIocraBJieHHaa saAa^a AOcrHraerca 3a chct 
ycranoBKH na pcMOHTHpyeMH^ ynacTOK repMC- 
THHHofi noAHooxBaTHBawmeft Myctxru H3 kom- 
no3HTHKix MaTCpnajiOB c saAaHHoft xo/anHHOft 
CTCHKH npH aaAaHHOM chh^kchhh AaBJccHHa b 
Tpy6onpoBOAC hah npn onpcACJiCHHKX ycAOBH- 
ax o6»aTHa Tpy6H My^rrofl npn orcyrCTEHH 
AaBJiCHHa B Tpy6onpoBOAe. 

IlpeAJiaracMaa Myctrra BpcnpHHHMacT na- 
rpy3KH B npoflOJ[bHOM H nonepcMHOM nanpaB- 

JICHHH H COCTOHT H3 KOMHJieKTa OCHOBHHX 

KOMno3HUHOHHbix MaTcpHajiOB H BcnoMoraTem>- 
Hwx KOMHOHCHTOB (npeo6pa30BaTc;ib p3KaBTO- 
Hbi, rpyHTOBKa, MacxHKa uflSL BOCcraHOBACHHa 
rcoMcrpHH Tpy6Bi, KOMnoanmiOHHaa bhcoko- 
npOHHaa jiCHxa na TKancBoft ochobc, Kucamnft 
MaTcpHaA A^a CKJicHBanHa bhtkob achth 
Me»wy C060M h npHKJiCHBaHHa My4)Tbi k 
Mcrajuiy Tpy6bi), B npoueccc HaHCceHHa 
yKasaHHHx komhohchtob na. Tpy6y npn 
ycjiOBHH BbraoOTemia HHxenpeAJioJKCHHMX tcx- 
HOJionwecKHx onepaunfi, o6pa3yeTca mohoaht 
B BHAe My(t)Tbi CO CAOMioft ' CTpyKTypoft, 
KOTopaa o6;iaAaeT onrHMaAbHbiMH 4>H3HMecKH- 

MH, nporaOCrHHMH H ,aHTHK0pp03H0HHHMH 
CBOftCTBaMH. 

4.4. npOMLmUICHHaa npHMCHHMOCTb c 

npHMcpaMH pearaaauHH. 

Cnoco6 pcMOHra BKjnoMaeT b ce6a buhoa- 

HCHHC KOMHACKCa TCXHOAOrH^CCKHX OHCpaUHM 
B CrpOrO CnpCAeACHHOH nOCACAOBaTCAbHOCTH. 

C nOMOmbK) H3BeCTHHX (J}H3HMeCKHX MCTO- 
AOB H npH6opOB (MCXaHHHeCKHC ACCtopMOMCH- 
TH, CTpeCC-CKaHH, peHTTCHOBCKHC 

AH4)paKT0MeTpw, jiasepHHc HHTcpctcpoMerpbi) 
onpcACAaKyrca Hanpa^eHHa na pcMOHTHpycMOM 
yuacTKe b ac4)cktbo& o6AacTH. 

no (t)opMyjxe (1) paccMHTHBacTca ypoBCHb 
CHH«eHHa pa6oMero AaBjicnna b Tpy6onpoBOAe, 
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(BjiHcrepHHT, "HlC" no NACE TM 0284-87, 
noaicAHflfl peAaKAHfl) h nMeer noporoBwe 
HanpsaceHHfl na ypoBHe 90% or npeflCJia 
TeKyuecTH Marepaajia Mycjyra b cra^saprHOM 
cepoBOAopoAHOM pacTBope (MeroAHxa NACE 
TM 01-77-90), 

npewxo:KeBH£id cnoco6 peMoura Merajindz- 
^ecKHx Tpy6onpoBOAOB mo^kct 6firrb peansaoBaH 
npH Kcno;i2>30BaHHH cospeMeHHbix KOMnosur- 
HLDc MarepHajiOB, BunycKaeM&ix oreHecTBeHBod 

npOMHXIUieHHOCTbK). \ 

B KaMecTBe My<t>TOo6pa3yK}m^fii jichtu 
MO^er 6htTb HcnorcbaoBaHa creKjioxuiacTHKOBafl 
jiCHTa . KCJI no TV 92-115-14-98, Koropafl 
HaroTaBMBaercfl am Tpy6 AnaMerpoM 219- 
1420 MM. 

B Ka^ecTBe Kjiees Moryr 6uTb HcnojiBso- 

BaHH MeeBue cocraBu 711-5-177 no TV 
6-05-241-31-44, CKH-30-3JI/ACD no TY 
38.403824-95, TV 6-05-16-63-74 h ap- 

B KaMecTBC BHCOKonpoMHoro dHCTpoTsepAe- 
K}n:(ero Bemecrsa na noiuiMepHoii ochobc 
(MacTHKH) MO^er 6hrch Hcnojib30BaH Maxepnan 
CKH-30-3JI no TV 38.403824-95 (nanojiHH- 
TCAb) B co^eraHHH c OTBepAHT&neM A<D-2 no 
TV 6-05-1663-74. 

OOPMYJIA 

1. Cnoco6 pcMOHTa MerajuiHMecKHX Tpy6on- 
poBOAOB, HMeionQxx Ae4>eKTHiiie o6jzacni, najio- 
^emieM Myctxr, omjuiHafou^uucsi tcm, hto npH 
peMOHTe KOJIbl^eBHX QIBOB HAH .6AH3K0Ae;Kanaix 
Ae(|)eKTOB HaiuiaAHBaiOT Tpu Mycfxru, ica^afl 
nmpHHofi He Meuee 100 mm, BHa^iane 
HaioiaAHBaiOT 6oKOBbie My4rrH aa paccroflHHH 
He 6ojiee 5 mm c Ka;KAO& cropoHH CBapaoro 
msa HAH 6AH3KOAe:Kanaix Ae4)eKT0B, npocrpaH- 

CTBO Me:KAy 60K0BblMH My4)TaMH aanOAHSIOT 

caMOTBepAeionQiM (i)opMoo6pa3yIo^^IM Bexz^ecr- 

BOM HAH py^nOHHOd AeHTO^l H3 CTeKAOTKaHH, 

nponHraHHoS KAeeBUM cocrasoM, nocjie OTBep- 

^eHHH KOTOpHX HaKJiaAHSaiOT BepXHIOK) 

ueHTpa^HyK), My<|)Ty c paBHbiM yAajienneM ee 
Kpaes or ueHxpa msa hjih KOJibi^eBOfi och 
6AH3KO/ie}Kanaix Ae4)eKT0B. 

2. Cnoco6 pcMOHxa MeraAJiHMecicHX Tpy6on- 
poBOAOB, HMex)iAHX Ae^eKTBuc o6AacTH;'; HaAO- 
;KeHHeM My(|)T, omjiuHarou^uucA tcm, hto npn 
BoccraHOBAeHHH Hecyn^efi cnoco6HOCTH Tpy6on- 
poBOAa Ha npora^CHHOM y^acTKe ocyn^ecrsM-' 
fOT HaAo^ceHHe My4)T maroBbm cnoco6oM c 
ycraKOBKoii hx nooieAOBareJibKO Apyr sa 
ApyroM Ha paccroflHHH ae Menee 200 mm h ne 
6o;iee OAHoro AwaMerpa pcMOHTHpycMofi xpydu. 

3. Cnoco6 pcMOHTa MerajuiHHecKHX Tpy6on- 

POBOAOB, BKAK)WaK)QHil CHHIfCeHHe AaBAeHHH B 

Tpy6onpoBOAe, MexaHHHecKyio OHHCXKy or 
H3o;I5a^IOHHO^o noxpuTHS h pxcaBHHHu noBep- 
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B xaMecTBe MaxepnajioB ajia xojioAHOli 
"cBapxH" i;ejiecoo6pa3HO Hcno/fbaoBarb Maxepn- 
ajoi CHcreMH "xo^xoAHoft CBapxH" xnna j^ypMC- 
xajui "rDiacxMexarLa" no TV XC-01.001; E+C 
MeKaTeK 1.2,3,8,10,12; E+C MeKaTeK 3KC- 
nPECC <J)HpMbi KacxaxHH; Tech Sheet L1507 
Metall-Tech XRC ^jhpmu Thortex. 

yxasaHHue Maxepna-xbi Koppo3HOHHo-nac- 
CHBHbi, HX mo;kho HcnaibsoBaxb b ABanasoae 
tCMnepaxyp ox MHHyc 30 ao n;iioc lOO'C, ohh 
o6jiaAaK)x bhcokoA bh6po- h yAapocxoftxocxbio. 
MaxepHajnj o6AaAaK>x mnpoKHMH bosmohcho- 

CXHMH M0AH(J)Himp0BaHHfl. flpH A06aBKe MOAH- 

(^HKaxopa yxaaaEHbie MaxepHaAW moskho 
HcnojttSOBaxb npn pcMOHxe xpy6onpoBOAOB, 

HMeiOmHX . BAaXCHyK) nOBCpXHOCXb, B03MO;KeH 
peMOHX nOA BOAOft, 

Cnoco6 pcMOHxa xpySonpoBOAOB 6bL;i onpo- 
6oBaH B ycnoBHflx no;raroHa; peay^ibxaxbi 
HcnuxaHHii - no;ioacHxe;ibH£ie (cm. xadramy). 

ripeAJio^KeHHbiii cnoco6 peMOHxa Mexajuni- 
necKHx xpy6onpoBOAOB npomeji ycneoiHoe 
onbixHO-npoMbmuieHHoe onpo6oBaHHe Ba o6b- 
exxax OAO 'TaanpoM" na npcAnpHsixMH 
"BojiroxpaHcraa", "BoOTorpaAxpaHcra3", "Cesep- 
rasnpoM", "IlepMbxpaHcraa". 

HSOBPETEHIia 

xHocxH xpy6bi, o6e3»CHpHBaHHe, naneceHHe 
npeo6pa30BaxejiH pacasKHHu pacnHAenneM, hb- 
/loaceHHe /reHxu noA HaxH^KeHHCM c o6pa30Ba- 
HHCM My(t)xbi H nocAeAyioineft 4)HKcauHeii 
My4>xbi Ha xpy6onpoBOAe, onuiuHaioit^uucu 
xcM, Mxo ycxaaaBjoiBaiox noHH^ccHHoe asbac- 
HHe B xpy6onpoBOAe h3 cooxHomcHHa: 

a » {Py/Po+(l-Py/Po>/(l4<5„/<J)}ao, 
rAe a - KOJibueBue Hanpfl:KeHHfl b xpy6e noA 
ycxaHOBJiCHHOH My4>xoii npw pa6oHeM AaBACHHH 
Po; 

Oq - KOJibi;eBbie Hanp2;KeHHji b xpy6e 6e3 
Myctxru npn pa6oMeM uwntssm Po; 
Py - AaBjieHHC B xpy6onpoBOAe npn 
ycxanoBKe My4)Xbi;. 

Po * pa6oHee AaBAenne b xpy6onpoBOAe; 
(5m - xoAnmna cxchkh Mycjjxbi; 

6 - XOAK^HHa CXeHKH My4)XhI, 

npoH3BOAHX HarpeB noBepxHocxH xpy6br, bu- 
pasHHBaiox noBepxHocxb (t)opMoo6pa3yionmM 
• Ben;ecxBOM h ocyntecxsAistKyr Hajio^enHe jichxh 
c xojHAHHoft cxeimonAacrHKOBoft My4>xbi, paB- 

l,15Dd/((abc/ab)(D-<5)-l,15tf L 
lAC D - Hapy^HMii AHaMCxp xpy6u; 
Qbc - HopMaxHBHoe BpeMCHHoe conpoxHB;ie- 
HHe pa3pbiBy KOMno3HXHoro MaxepHa;ia 
Myctyrhi b Ko;ibi^eBOM HanpaB/ienHH; 
Gb - KopMaxHBHoe BpeMCHHoe conpoxHBJienne 
paapbDsy Mexaana xpydu, 
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fynma creKJioajiacnncoBOH uydprru pasaa 

Lc^ U+3.12(Rj)^. 
n^e Ld - lUiHHa fle4)eKTa; 
R<j» (D-<J)/2 - paflHyc cpeKHHHOfi^ noBcpx- 
EOCTH Tpy6u, 
npH 3T0M jiCHTy nepeff ee HaMOTKOfi nponn- 
TUBaiOT KJieeBBEM cocraBOM num Bimojmsaarr 
caMOiuiesiAedcfl. 

4. Cnoco6 iio n.3, onuiuKaiou^uucsi tcm, 
MTO Harpes ocymecrsjiaioT b npeflcjiax or 15*C 
flo MaKCHMajibHoro aHaucHM, onpeACJiaeMoro 

(l)H3HK0-XHMOTeCKHMH CBOftCTBaMH KOMnOHCH- 
TOB. 

5. Cnoco6 no n.3, omAUHatomuacA tcm. 
HTO Hajio»eHHe MyctrrH ocymecrsMiOT c 
npe^CBapHTcmiHHM HaHecenHeM na Tpy6y 6uc- 
TpoTBepaeiomero 4)opMOo6pa3yK)nxero Bemecx- 
Ba, HaMaTtraaKyr pyjioHHyio jienry, cocxoamyio 
.H3 MHorocjioiiHoii creiuiOKOMnoaHimoHHOft xKa- 
HH c pacnojio^eHHCM raTeii b npoAOJEbHOM h 
nonepeMHOM HanpasjieHini aa (i)opMOo6pa3yK)- 
mee BcmecxBo, HaxoAameeca b oTBCp^ffeHHOM 
HCAettopMHpyeMOM coctohhhh. npn 3tom bcc 
cjioH ;ieHTU, BKjiiOHaa mccto KOirraKTa nosep-. 

XHOCTH Tpy6H C nCpBUM BHTKOM JICHTU, 

. nooieflOBaTCJftHO npoKjieraaKyr HenpepwBHHM 
cjioeM miefl b npouecce ee EaMonai, Koropyio 
ocymecTBMiOT imothhm npafieraHHCM cjiocb c 
KOHTpojiHpyeMOH. BejnwHHofi HaTffiKeHHfl npH 
noMon^H HaTflTHBaiomero ycrpoftcTBa c AHna- 
. .•MOMexpoM, nooie Hero KOHe^ jichtu Hea^ecrKo 
nosimHorapyioT c noMOim>K) 3;iacTOTHoro 
.(t)HKcaTopa H npoHBBOflflT TepMOo6pa6oTKy 
My(tyru AO 0TBep»a^eHM KJieesoro cocraBa h 

Ha6opa HM KOHCrpyKTHBHOH npOUHOCTH. 
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6. Cnoco6 no n.3, onuiuHaiou^uucsi tcm, 
HTO B QiyMae udjopmsi b Tpy6e Tpenj;HH ura 

CKB03HHX AC^teKTOB pCMOHT npOBOAAT C 

npHMeHCHHeM McroAa "xoJiOAHofi CBapicH", 

7. Cnoco6 no n.3, omjiuHa/omuucsL tcm, 
mo. pyTOHHyio JieHxy H3roTaBjniBaK>T b 
"caMOKJieameMCfl" HcnoraeaHH, c npcABapH- 
TCittHO HaHeceHHHM oxocM luiea na OAHy 
CTopony ;ieHTH. 

8. Cnoco6 no n.3, onuiuHaiOu^uucsi tcm, 

MXQ na Ae(t)eKTHOe mccto (K0pp03H0HHHe fl3BU, 
BMaTHHH H T.A.) HaHOCflT BHCOKOnpOTOOC 

6HCTpoTBepAeK)n;ee BemecxBO na no;niMepHofi 
OCHOBC, nocjie ero oTBepacACHHa nsJinniHHfi 
oiofi yAajiHiOT AO bucotu 0,5 - 0;8 mm hba 
noBepxHOCTbK) Tpy6H, noc/ie ^ero npoHSBOAar 

HaMOTKy ACHTH, BBMOTKy ACHTM OCymeCTBMK)T 

pyHHHM Hjm MexaHHBiipoBaHHBiM cnoco6oM c 
KOHTpo-iMpyeMoii Be;iHHHHoii( HaTa:KeHHfl, npa 
3T0M caaa naTfl^KeHiifl He AOJi^na npeaHmaxb 
Maccu pyjiona, KOHxpoiib bcjihuhhm HaTflxceHM 
ocyn;ecTBMK)T AHHaMOMCrpoM n paccHHTHBaror 
no 4)opMy;ie 

F-Fo*e', 

roe Fo - CHjia HaTaxceHna MaTepwajia AenTU 
y HaHajttHoro ee KOHTaicra c noBcpxHOcrbio 
Tpy6u; 

f - K03cl)4)HUHeHT TpeHHa npoKJieeHHoro 
nocACAyion^ero BHTKa achth o noBCpxHocrb 
npeAHAynxero BHTKa. 
9. Cnoco6 no n.3, omjiuHatomuucsi tcm, 
' MTO npH noMOUvi (l)opMOo6pa3yK)mero BcmecTBa 
KpHBH3Hy Tpy6H B soHB HaAO^KCHHa .Mytjnu 
BupaBHHBaiOT AO ypoBsa He 6ojiee 0,5 mm na 

AAHHC 300 MM. 
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(54) METHOD OF REPAIR OF METAL PIPELINES (VERSIONS) 

(57) The invention is related to the field of construction and repair of pipelines and may be used 
in the repair and reconstruction of reservoirs, boilers and high-pressure vessels. The method of 
repair of metal pipelines which have defected areas consists in applying couplings. At a reduced 
pressure in a pipeline efforts are made for mechanical cleaning from insulating coat and rust of 
pipe surface, degreasing, application of rust penetrating solvent by spraying, applying a tape 
under stress with a subsequent coupling fixation on the pipeline, in this case the pipe surface is 
heated, the surface is leveled by a high-strong mastic. When repairing annular seams or nearby 
defects, three couplings are applied, each one no less than 100 mm wide, at first side couplings 
are applied at a distance not exceeding 5 mm at each side of a weld or nearby defects, the space 
between side 

It has been established that reduction of hoop stresses in a supporting pipe will depend of 
the relative decrease of pressure at the moment of coupling instaUation and relative coupling 
wall thickness in the way as follows: 

O/Oo - Pinst/ Po+(l- Pinst/ Po ) / (1+ 5m/5), (1) 

where o - hoop stresses of tension on the pipe wall under the installed coupling at the 
operating pressure Po; 

Go - hoop stresses of tension in the pipe wall without coupling at the operating pressure 

Po; 

Pinst - pressure in the pipeline during coupling installation; 
P(r operating pressure in the pipeline; 
5m - thickness of coupling wall; 
5- thickness of pipe wall. 

Figure 2 shows graphically the relation (1) between the relative decrease of pipeline wall 
stressed state (a/ao) under the coupling and the degree of pressure decrease during the 
installation of coupling (Pinst / Po) and its relative thickness (5m/5), 

As is seen fi^om the diagram, the zone of optimum pressure decrease in the pipeline wall 
is within the range of 50 to 70% of Pq. In this case the maximum pressure level is restricted by a 
probability of pipeline rupture and the minimum pressure level is Umited by efficiency 
conditions (i,e. at lower pressure stoppage of faultless transportation of product may occur). 

The technical task of the invention is the development of pipeline repair method with the 
aid of composite couplings that would take hoop and longitudinal stresses on a pipeline repair 
section, and also would prevent the development of corrosion processes in the repair zone. 

An underground operating pipeline is essentially an "endless*' cylindrical enclosure that is 
"uniformly*' pinched by ground and loaded with internal pressure (Fig. 1). 




Longitudinal stresses a / in the metal of such an enclosure (in an underground pipeline) 
in a common case amount to |x= 0.28 ^oisson coefficient for the elastic field of strain) of hoop 
stresses a h: 

a / = • a h = 0.28 a h- 

Considering that hoop stresses on linear sections of the pipeline amount approximately to 
0.72 of the rated yield point a / (iatod) , the longitudinal stress a / in the common case can be 
presented as: 

a/ = 0.28 • 0.72 a/(nited) = 0,28a / (mted) . 

For pipes of the large diameter made of steel of strength class K60 a / ^lej)^ 461 MPa or 
API (X70) a / (rated) > 482 MPa longitudinal stresses in the common case will amount to: 

a i = 0.2 • (461-482) « 100 MPa « 10 kgfi^mm^. 

The proposed approach makes it possible to eliminate longitudinal stresses that depend 
on many factors and change in time when operated, in particular, on operation temperature 
differences and on the so-called **closing temperature at construction", as well as on various 
bending loads, in this case the repair coupling will take not only hoop stresses but longitudinal 
stresses as well that arise on the pipeline repair section. 

The set task is solved at Ae expense of installing a tight folly-embracing coupling made 
of composite materials on the repair section with a preset wall thickness at a preset decrease of 
pressure in the pipeline or under certain conditions of pipe clamping by the coupling, when there 
is no pressure in tiie pipeline. 

The proposed coupling takes loads in longitudinal and transverse directions and consists 
of a set of main composite materials and auxiliary components (rust penetrating solvent, primer, 
mastic for recovering pipe geometiy, composite high-strength fabric-backed tape, adhesive for 
bonding the turns of tape between each other and for bonding the coupling to pipe metal). In the 
course of applying the said components on the pipe and providing the observance of process 
operations proposed below a monolith is created in the form of a coupling with a complicated 
structure that features optimal physical, strength and corrosion-resisting characteristics. 

4.4. Industrial applicability with the examples of realization. 

The method of repair comprises tiie implementation of a set of process operations in a 
strictly determined successiott 

With the aid of known physical methods and instruments (mechamcal dynamometers, 
stress-scanners. X-ray diffractometers, laser interferometers) stresses on the repair section in the 
defected field are determined 

According to formula (I) the level of decreasing the working pressure in the pipeline is 
calculated, • 

(Blistering, "HlC" according to NACE TM 0284-87, latest wording) and has threshold stresses 
at the level of 90% of the yield point of coupling material in a standard hydrosulforic solution 
(NACE methods TM 01-77-90). 

The proposed method of repairing metal pipelines can be realized with the use of updated 
composite materials manufactured by domestic industry. 

Tape of glass-reinforced plastic KSL according to TU 92-115-14-98 which is 
manufactured for pipes of 219-1420 nmi in diameter, may be used as a tape that forms a 
coupling. 

Adhesives used for this purpose may include glue compositions like UP-5-177 according 
to TU 6-05-241—31-44, SKN-30-EL/AF according to TU38.403824-95, TU 6-05-16-63-74 and 
others. 



For high-strength rapid-setting polymer-based substance (mastic) use may be made of 
material SKN-30-EL according to TU38.403824-95 (filler) combined with curing agent AF-2 
according to TU 6-05-1663-74. 

For materials used for cold "welding'* it is recommended to use materials of "cold 
welding*' system of type Durmetall "Plastmetair according to TU HS-Ol.OOl; E+C MeKaTek 
1,2,3,8,10,12; E+C MeKaTek EKS-PRESS, firm Kastolin; Tech Sheet L1507 Metall Tech XRC, 
firmThortex. 

The said materials are corrosion-passive, they may be used within the temperature range 
from minus 30 to +100**C, they feature higji vibro- and impact stability. The materials offer wide 
possibilities for modifying. With a modifying agent added the said materials may be used in the 
repair of pipelines with wet surfaces, repair under water is also possible. 

The method of pipeline repair was tested in field conditions, test results are positive (see 
the Table). 

The proposed method for repairing metal pipelines has passed successfiil experimental- 
industrial testing at objects of PJSC "Gazprom** including enterprises "Volgotransgaz**, 
"Volgogradtransgaz**, "Severgazprom**, "Permtransgaz*'. 

CLAIMS 

1. A method of repairing metal pipelines having defective areas by applying couplings 
characterized in that during the repair of annular seams or nearby defects, the space between 
the side couplings if filled with self-setting shape-generating material or rolled tape made of 
glass cloth impregnated with adhesive; after setting of these latter the upper central coupling is 
applied, its edges located at equal distances from the weld center or annular axis of nearby 
defects. 

2. A method of repairing metal pipelines having defective areas by applying couplings 
characterized in that during the recovery of pipeline bearing capacity on a long section 
application of couplings is realized in a step-by-step method, when they are installed at a 
distance not less than 200 mm one after another and not in excess of one diameter of a pipe 
repaired. 

3. A method of repairing metal pipelines including the decrease of pressure in a pipeline, 
mechanical cleaning of the pipe surface from insulating coat and rust, degreasing, application of 
rust penetrating solvent by spraying, applying the tape under tension with the formation of a 
coupling and subsequent coupling fixation on the pipeline, characterized in that a reduced 
pressure in the pipeline is established on the basis of the following ratio: 

a - {Piost/ Po+(l- Pmst/ Po ) / (1+ 8m/6)} ao. 

where a - annular stresses in the pipe under the installed coupling vdth the working pressure Po; 

a 0 - annular stresses in the pipe without coupling with the working pressure Po; 

Pinst - pressure in the pipeline, when installing the coupling; 

6m - thickness of coupling wall; 

5 - thickness of coupling wall, 
heating of the pipe surface is carried out, the surface is leveled with the aid of shape-generating 
material and a tape is applied with the thickness of glass-coth plastic coupling equal to 

5m > 1.15D5 /[(o bo/Ob) (D^)- M55] , 

where D - external diameter of the pipe; 

a be - rated ultimate breaking strength of coupling composite material in the annular 
direction; 

Oh - rated ultimate breaking strength of pipe metal. 



the length of the coupling made of glass cloth is equal to 
LcLd+3.12(R6)"^, 

where Ld -length of the defect; 

Rk = f D -6"i /2 - radius of pipe middle surface, 
in this Sse fte mpe before windiSg is impregnated with adhesive compound or ,s made self- 

^^^''1' A method according to claim 3 characterized in that the heating is carried out wito 
the range from 15»C to the ^mum value determined by physical-and-mechamcal properties 

of com^i^r^ according to claim 3 characterized in that the coupling, is applied ^th 
preliminary application of quick-setting shape-generating material on the PjPe. ^ 
SmX7of multilayer glass-composite febric with threads arranged m lo"g^^^mal ^d 
S^veS dLS^ns I wound on the shape-generating materi^ being m «>nso^»dated^on. 
S™^le^te in this case all tape layers including the place of pipe surface contact witii the 
f^^r? t!.m L^ssi^ly ^ by a continuous layer of adhesive in the course of tape 

r<h"hi: ^S'^* th'e ^It adjacency of layers -^"^^J^^^^^^^ 
wiiicu & 1- ctretchine device with a dynamometer, after this the tape ena is 

S^y °;'si W*:Sf liTS^^. and U./ooupUng U hea.-«a«d u«i. ««.es.ve 

in a - Jlf-tiS^ SficJion with a layer of adhesive applied prdiminanly ob <me s.de of 

S^f^ should not exceed the roll mass tension eontn,! .s pefonned by 
dymunometei and calculated according to the following formula. 

F-Fo-e', 

whereFn-tensionforceottapematerialnearitsinitialcontactwithpipesoifiioe; 

f. SfBcierof . bonded subsequent turn of the tape agamst the sut&ce of a 

'"""'^"n.ethod according to claim 3 char.c«=rlzed i. that «th the aid of shape^genaaifag 
^.^^ p^ cu^e in^the area of coupling application is leveled to a level no. m excess 
of 0.5 mm over the length of 300 mm. 



Fig. 2 



Fig. 3 
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(54) METHOD AND DEVICE FOR THE REPAIR OF PIPELINES 

(57) The invention relates to pipeline transport and can be used for recovering the mechanical 
strength and tightness of pipelines without stopping their operation. In this case the expansion of 
the use and reduction of repair periods of underground and surface pipelines is achieved. This is ^ 
achieved in such a way that when localizing a pipeline leak point and applying a seal on the leak 
which is strengthened after reducing the pressure in the pipeline, the injured point is localized 
before the formation of a taink crack, and the pipeline is strengthened before canying out tiie 
injury sealing. The device is additionally provided with a second seal, both are made in the form 
of spir^ supporting elements wound round the pipeline on both sides from the crack, two beams, 
each placedT)etween the pipeline and one of the seals, a plunger introduced between the pipeline 
and beam bosses, elastic gasket connected to the plunger with its one side, and with the oth^ 
side - contacting the crack zone, and pins linked by their side surfaces with beam bosses through 
threaded joints, pin first ends - with the plunger, and the second ends have a faceted surface to 
accept a rotating key. The device has also other distinctive features; 2 pages audi 5 claims, 1 
figure. -V 

.\ 

the spiral element is made of glass-fiber plastic of predominantly one-direction reinforcement 

The authors are not lamiliar with any similar engineering solutions that would achieve the 
set object in the given or close fields of engineering. In this respect the a^r^te of tiie 
presented distinctive features is regarded significant 

The method and device for repairing pipelines are (explained in a diagram given in the 

drawing. , ■ t. ^ e 

Shown in the diagram under ref no. 1 is a pipeline, 2 - pipeline mjuiy in the form of a 
through crack, 3 - spiral elements on both sides of injury 2, 4 - beams each of w*ich is placed 
between pipeline I and one of spiral elements 3, 5 - plunger introduced between pipelirie 1 and 
the bosses of beam 4, 6 - elastic gasket connected by its one side with plunger 5 and by its other 
side - contacting the zone of injury 2, and 7 - pins connected by their side surfaces with the 
bosses of beam 4 through threaded joints and by their first ends - with plunger 5 whose second 
ends have a faceted surface to accept a rotating key (omitted for clarity). 
The method consists in the following. 

Injuries 2 are localized in the structural material of pipeline 1 at the st^ before the 
formation of a trunk crack, for example, with the use of methods and means of engineering 
diagnostic, in particular, by dragging inspection pigs through flie pipe (not shown in &e diagram) 
with sensors of acoustic, electromagnetic and other types including those for determining the 
distance to the defect over the pipeline length. In case of necessity, for example, when 
transporting toxic (combustible) materials, the pressure of a product in the pipeline is decreased^ 
that partly closes the crack, reduces the probability of system catastrophic failure due to a 
probable loss of structure bearing capacity in the course of repair and decreases ttie volume of 
effluents to the environment during accident eliminatioiL The localized area is released frorn^ 
ground, if necessary, the product transported is pumped out (not shown) and pipeline 1 is 
strengdiened at both sides from injury 2 without carrying out fire operations, for example, by 
winding supporting spiral elements 3 over the pipe. In this case the strengthening effect will be 
determined by physical-and-mechanical parameters of material of these elements, by the number 
of their turns on the pipe, by turn width and thickness. After strengthening pipeline 1 the growth 




of the defect over the pipe length in the injury area stops, and the steplike development of the 
trunk crack becomes impossible due to the stress and strain state conditions of an area under 
repair. A seal is applied on the defect and, by means of backpressure obtained by a structural 
way, the leak is stopped and the crack is sealed. Thus the pipeline injury is eliminated promptly. 

The device operates in the following way. Outside pipeline 1 two beams 4 are placed 
before and after injury 2 in such a way that the axis of their longitudinal symmetry would 
coincide with crack axis or touch the crack, and the distance between the beam bosses turned 
opposite to one another would comply with the bigger size of plunger 5 which is rectangular in 
plan. To facilitate the process of installing beams 4 on the steel pipeline they may be 
manufactured of magnetically hard material, for example, magnetic steel. This also makes it 
possible to rule out the influence of defect location on the pipe cylindrical surface on 
convenience and rate of installation work. 

When manufacturing beam 4 and plunger 5, they are given (at least on one side) a 
curvilinear surface with a curvature equal to the curvature of a pipe used in this pipeline which is 
required by the conditions of device optimum operation. This may be achieved, for example, by 
metal casting of a beam according to consumable patterns. 

The installed beams 4 are fastened to pipeline 1 with the use of highly strong supporting 
spiral elements 3, for example, manufactured of steel spring tapes which are given mechanical 
anisotropy by rolling lengthwise, i.e. tensile strength along the tape exceeds a similar indicator 
across its width, since this makes it possible to decrease tape mass and simplify repair, all other 
things being equal. 

The tapes on the pipe are fixed by glue, adhesive film, or by wood screws (not shown for 
clarity) if spiral element 3 is manufactured of glass-fiber plastic of predominantly one-direction 
reinforcement. Such spiral element is more durable as compared with the steel one (since there is 
no corrosion) and additionally facilitates the work with the device during installation since witii 
one and the same strength -it is less in mass (specific strength of structural glass-fiber plastic is 
higher than that of grade steel). Thus the stirengthening of a pipeline is realized to flie 
mechanical seal of a crack and the crack cannot grow fiirther along the pipe. 

Spontaneous unwinding of spiral elements 3 is precluded by attributing to them a 
property of mechanical shape memoiy during manufacture, since the initial diameter of a self- 
winding spiral spring tape is selected to be less than the diameter of a pipeline repaired. 
Therefore, after winding, spiral elements 3 press the pipe body and do not unwind, including 
unwinding at the expense of friction ^tween turns. For steel pipe this is achieved by hardening 
the wound semi-finished product, for a tape of glass-fiber plastic - by setting die prepreg wound 
on a mandrel, for example, under the action of high temperature. Thickness of tapes is 0.5 to 2.0 
mm. 

Length of a beam - size according to pipeline generatrix, is selected to be within 0,2 to 
0.4 of its diameter and should be equal or somewiiat exceed the width of spiral element tape. 

Plunger 5 fastened at least at one side with elastic gasket 6, for example, by way of 
bonding or mechanically at two sides, for example, a gasket in the form of elastic tube is slipped 
over the plunger working portion, inserted (introduced) between pipeline 1 and beam bosses in 
such a way, that the elastic gasket would cover the crack zone. Plunger length is selected to be 
no more than one-and-a-half length of the trunk crack size for a corresponding pipeline. The use 
of non-combustible and corrosion-resistant rubbers, polyvinylchloride, and also polyurethane 
compounds is possible for the material of gasket 6, The thickness of the material is selected to be 
sufficient for ensuring functions required of the gasket. 

After ponducting the operation of plunger 5 introduction its position relative to the crack 
zone is specified by the coincidence of tiireaded holes in the bosses of beam 4 with cylindrical 
necks in the plunger itself Its accurate fixation in an established position is achieved by one- 
sided extension of the bosses to one of the remote beam surfaces across plunger movement This 
impedes plunger fallout from the acciuate position during its introduction. 




After that pins 7 are inserted into threaded holes of the bosses of beam 4 and, while 
rotating the pins with a key from one end, plunger S is moved closer to pipeline 1 by the action 
of pins 7 opposite ends. In so doing the injury is sealed reliably and pressurized with elastic 
gasket 6 in Ae crack zone at the expense of plunger 5 backpressure organized mechanically 
according to the device design. The force of elastic gasket compression can in case of necessity 
be determined and calculated for a certain case. The diameter of steel pins is selected proceeding 
from the conditions of their strength and stability. 

For pipelines of large diameters beams 4 and plunger 5 are fitted with stiffening ribs and 
this decreases the device mass additionally and, as was noted above, facilitates tiie work with it 
(not shown for clarity). 

The proposed process of repair provides for a fast prevention and elimination of failures 
in important pipelines. The prevention is realized with the use of operations of a method, when 
conducting repair of non-through cracks, elimination of failures - during the repair of through 
cracks of a pipeline. The process is rather efficient, when communication with a controller is lost 
or, for other technical reasons, quick emergency release of the pressure of a product being 
transported through the pipeline is impossible or undesirable, Le. when the product features 
hazardous properties. In such cases attending personnel may have individual means of 
protection: fire-fighting equipment, gas masks, etc. 

It looks apparent that a team of two persons regardless of the time required for digging in 
the point of pipeline dama^, is capable of implementing the repair for a period of 30 to 40 
minutes. The duration of repair depends mostiy on pipeline diameter. 

The engineering solution may also be used in underwater pipelines providing sufficient 
illumination in the course of repair work implementation by divers. 

The process can be used in metal and non-metal pipes. 

Economic effect from the use of the invention is achieved in three directions as follows. 

Firstiy, at the expense of a possibility to repair pipelines at an earlier stage of structural 
material damage which ensures a bigger resource of transporting valuable products of oil, gas 
and chemical industry, accordingly, their less irreversible loss for consumers, less environment 
pollution, less expenses for penal sanctions. 

Secondly, due to a higher rate of repair, not only in comparison with the prototype, since 
a damage is detected at an earlier stage, therefore, it is less in size and, accordingly, requires a 
shorter period for repair, but also in comparison with the traditional process that makes use of 
pipe welding, because the proposal contains less process operations and less scope of work to be 
implemented This relates, for example, to excavation work at breaking up the ground in a 
pipeline section under repair. 

Thirdly, the cost of the device at large-scale manufacture should be approximately 5 to 6 
times as littie as compared with a new welded-in pipe, for instance, a imported longitudinal 
welded tube of steel manufactured by the converter process and havmg 426 mm in diameter and 
11.5 m in length costs about 730 to 740 US dollars. 

CLAIMS 

1. A method of repairing pipelines consisting in that the leak point of a pipeline is 
localized and a seal is applied on the leak which is strengthened after pressure reduction in the 
pipeline, characterized in that the damage point is localized before the development of a trunk 
crack, and the pipehne is strengthened before sealing the damage. 

2. Device according to claim 1 containing a seal characterized in that the seal is fitted 
with the second seal, both of them arc manufactured in the form of supporting spiral elements 
tiiat are wound on at both sides of the crack, two beams, each of which is placed between the 
pipeline and one of the seals, a plunger introduced between the pipeline and beam bosses, elastic 
gasket fastened by its one side with the plunger,, and with its second side contacting the crack 
zone, and pins which by their side surface are linked by means of threaded joints with beam 




bosses, their first ends - with the plunger, and their second ends have a faceted surface to accept 
a rotating key. 

3. Device according to claim 2 characterized in that the beams and plunger feature a 
profiled surface whose curvature is equal to the curvature of the pipeline. 

4. Device according to claims 2 and 3 characterized in that the plunger is manufactured 
in the form of a plate rectangular in plan, whose thickness is comparable with or exceeds the 
thickness of the pipeline wall in the vicinity of short sides of which, on a free surface, there are 
cylindrical necks with a diameter more than and the depth equal to or less than the pins diameter. 

5. Device according to claims 2 to 4 characterized in that the beams are made of 
magnetized material, for instance, of magnetic steel. 

6. Device according to claims 2 to 5 characterized in that mechanical anisotropy is 
attributed to the spiral element over its length, for instance, by the process rolling of steel tape. 

7. Device according to claims 2 to 6 characterized in that the spiral element is made 
mostly of glass-fiber plastic of predominantly one-direction reinforcement 
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